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ARTICLE INFO ABSTRACT

Received: 24 Dec 2024 Introduction: In many areas, the emergency medical response networks are harmed by
obstructions like congestion, harsh terrains, or stocks failures in particular after natural
calamities or in remote areas. Daily operations mean that traditional approaches are usually
Accepted: 26 Feb 2025  adequate, but in emergency situations when time is critical, they tend to be quite lacking as they
are often too slow. Hence, the immediate need is the development of intelligent self-ruling
systems intended to support quick medical assistance in emergencies. The planning for
AeroMedic Pro strives to fill the gap, providing a bright solution of smart UAV delivery for rapid
transport of critical medical supplies in urban and even remote places. In this paper, we
document the design, construction, and live implementation of this groundbreaking platform.
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Objectives: One of the central goals of the AeroMedic Pro project was to develop autonomous
aerial vehicles that would greatly improve emergency healthcare. The objective was to design a
lightweight, high-performing UAV with advanced navigation systems that function to some
considerable extent in varying and mostly challenging environments. The mission was to
establish a delivery system which significantly increases a general speed of transport and
effectively functions in places where typical means of transport can’t access it, mainly within GPS
challenged or highly populated urban air-space. Among the most important priority goals of the
project were delivery speed improvement of more than 50%, superior obstacle detection and
avoidance, as well as preservation of the safety of fragile cargo such as blood, vaccines, and high
value pharmaceutical products.

Methods: In order to achieve its great goals for the future, the AeroMedic Pro system has been
developed with state-of-the-art technological elements. The bottom of the system involves a
navigation module featuring machine learning, to fuse real-time sensor and reinforcement
learning algorithms. LiDAR and IMUs collect spatial data that the system transforms in real-
time to assist presentation for the UAV’s intelligent navigation. Consequently, the system is able
to respond in real time to the changes in the environment and overcome obstacles; it is
particularly useful in the environments that are unpredictable or GPS-inaccessible. The system
uses a Convolutional Neural Network (CNN) for object detection and so helps the UAV to detect
and avoid any obstacles in flight. Rectangular wings and fuselage were shaped for strength while
keeping weight to a minimum with high stability, making use of advanced composites to increase
payload by as much as 400 percent. Several operational scenarios have been employed to
examine the adaptability of the system to different environmental conditions, obstacle levels and
limitations on the mission.

Results: AeroMedic Pro’s reliability was confirmed by rigorous testing in real life conditions.
The UAV could convey the medical supplies to the challenging environment and heavy traffic
destinations 60% faster than the “mainstream” delivery methods behind-based systems are. The
UAV achieved a success rate of 98.3% in obstacle-intensive test environments at real-time
detection and avoidance of static and dynamic obstacles. Furthermore, in places where GPS
signals were unavailable, the system proved to demonstrate extraordinary abilities to navigate
with inbuilt intelligence to avoid position and course loss. While in transit, the medical payload

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 426

which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management
2025, 10(51s)

e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

was excellently protected without interfering with the quality of medical service delivered and
the UAV showed robust behavior in terms of taking-off, cruising and landing performances
under a wide spectrum of environmental conditions including wind, rain and varied terrain. High
throughput levels were observed through out thus making it easy to adapt the framework to
coordinated deployment of multiple drones in future.

Conclusions:AeroMedic Pro is an evolution of great steps for autonomous modes of medical
transport. Through integrating state-of-the-art machine learning algorithms, data-driven
sensing and optimized aerodynamic design, AeroMedic Pro provides reliable and effective supply
of critical medical equipment on emergencies. Apart from speeding up and ensuring a more
accurate delivery of products, the UAV addresses major problems regarding access to healthcare
in severely resourced-poor regions. The success of the system in operationalizing in GPS blocked
areas has demonstrated its merits towards supporting disaster relief in urban settings and
necessary healthcare in rural territories. The team intends to upgrade the system to promote fleet
coordination, use blockchain for secure payload monitoring and develop regulatory framework
to encourage public usage of airspace. AeroMedic Pro is bound to bring one radical change to the
global emergency healthcare logistics with continuous improvements.

Keywords: AeroMedic Pro, Parking, Medical Transport, Emergency Healthcare, GPS-
inaccessible Environment, LiDAR, IMUs (Inertial Measurement Units), Payload Delivery,
Disaster Relief, Medical Supplies.

INTRODUCTION

The current demand for expediting in emergency care has exposed weaknesses of existing ground-based systems for
responding to critical situations. Reply Furthermore, in rural or disaster prone areas, achieving critical healthcare is
often hindered by poor roads, hard terrain, and not having appropriate transport. The existing challenges underscore
the necessity for the highly optimal system that could easily cover the urban and outlying territories without facing
hindrances and complicacies inherent to the traditional medical supply delivery.

Information from the World Health Organization (2023) indicates that transportation barriers account for more than
500% of failures in emergency medical deliveries in developing portions of the world where healthcare is often hinder.
Such dire statistics have highlighted the relevance of the need to quickly identify new technologies that can transcend
land-based impediments and provide necessary medical wares with level of speed and precision that no current
method can achieve. Such innovations are now requisite for enhancing emergency health care delivery globally.

reply Several aspects, UAVs have surpassed traditional methods on the ground in quite a number of ways. The
capableness of UAVs to take off and land vertically enables them to work in environments where other vehicles
cannot, because there is no need for presenting runway infrastructure. Second, direct point-to-point navigation is
utilized such that drones can avoid ground-based obstacles that range from traffic to roadblocks and natural
formations. Third, UAVs could enable up to 60% faster delivery times than ambulances when transmitting from rich
cities, as human studies by Zhang et al. (2022) .However, despite tremendous opportunities provided by unmanned
aerial vehicles (UAVs), the existing generation of UAV platforms typically suffers from serious deficiencies in
autonomous capability, payload capability, and operational reliability, particularly when used in complex or aberrant
scenarios.

Having created the following weak spots, AeroMedic Pro platform is developed as an innovative, autonomous UAV
system aimed at quickly transporting medical supplies. Through applying three groundbreaking solutions, the
platform solves the legacy UAV systems weaknesses in vital aspects. The platform employs an inventive machine
learning technique that includes Convolutional Neural Networks for the visual identification of obstacles and
reinforcement learning for immediate planning of dynamic flight trajectories. Through the use of this approach, the
UAV is capable of overcoming obstacles efficiently and achieve the 98.3% success on real-time field trials. Secondly,
the platform employs an inventive hybrid propulsion system that can support stable lift with loads weighing between
o0 to 5kg. By carrying payloads with a weight of 5kg or more, the system is able to meet a wide range of urgent medical
requirements, including the delivery of a defibrillator, some medical products such as blood products, and important
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pharmaceuticals. Third, AeroMedic Pro is equipped with a secure communication architecture able to operate reliably
without GPS data. Using ultra-wideband (UWB) localization and mesh networking, the system enables the UAV to
maintain accurate positioning and navigation in GPS un-reliable or blocked area.

The results presented in this paper considerably improve the status quo for autonomous medical delivery system,
with four key contributions. First, we introduce a unified system architecture, concentrating on aerodynamic
enhancements joined with medical payload design to guarantee excellent reliability and performance. Second, we
make an empirical analysis of machine learning-based navigation strategies highlighting the UAV’s capability to
navigate in both urban and rural settings. Third, we offer metrics which prove AeroMedic Pro’s increased level of
performance — exceeds both conventional delivery and current UAV technologies in speed, reliability, and payload
capacity. We conclude with pragmatic regulatory considerations, based on our field deployment, to illustrate the
pragmatic integration of these technologies into existing healthcare logistics systems.

This paper follows as follows. Section 2 provides a review of progress in medical UAV systems and technologies of
control of autonomous navigation. In Section 3, we review the system design and critical architectural features of
AeroMedic Pro that explain the way it differs from the earlier solutions on the market. In Section 4, we describe the
experimental procedure that we used during our field tests and report on the results of such tests. In part 5, we discuss
the performance of AeroMedic Pro against standard delivery methods and old UAV technologies; we also discuss the
issues arising during operations, and we propose improvement possibilities. Finally, in the sixth section, we
summarize potential future research directions and discuss various options for deployment to help increase the role
of UAVs in rescue medicine logistics.
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Detected?
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Fig.1.Flowchart of the System
OBJECTIVES

The purpose of this project is to develop and implement AeroMedic Pro, an innovative fully autonomous aircraft
intended to deliver critical medical supplies to densely populated cities as well as sparsely populated states in a fast,
safe and secure way. This project is driven by the dire need for urgent action to resolve the extreme deviations and
limited access resulting from the conventional ground-based emergency response systems particularly in high-
populated cities, disaster areas, and under-served countryside.

By incorporating a mix of three state-of-the-art high-tech developments, AeroMedic Pro stands ready to revolutionize
how emergency healthcare is delivered. At the beginning, the system employs a machine-learning-enabled navigation
approach, i.e. a combination of CNNs that perform almost instantaneous obstacle identification and reinforcement
learning for immediate correction of the route in real time, thus enabling the UAV to react flexibly to unpredictable
situations. Second, the drone uses a strong hybrid propulsion system which provides a consistent and efficient ability
to fly with a skilogram payload capacity and the ability to transport defibr. Third, a fail-safe communication
architecture using the combination of UWB localization with mesh networking is employed, protecting the drone
operation without interruption in cases of absence of GPS signals.
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Concomitant with its cutting-edge engineering, the project is aimed at building AeroMedic Pro as a scale-up,
regulation-certified system. System performance is carefully scrutinized through widespread field trials, and
AeroMedic Pro is compared with both traditional and modern UAVs. The platform design is optimized for both
aerodynamic aspects and safe on-board payload transport — thus reliable in a wide range of terrain and
meteorological conditions.

Aeromedic Pro at the heart of it is highly touted as an innovative, novel product that will optimize emergency care,
expand access to medical services, and build world-class international disaster rescue capabilities. With the aid of
technology, this effort aims to eliminate the gap between delivery of healthcare, by speeding up and securing supply
of lifesaving goods to those affected.

METHODS
3.1 Mission Initialization: Launching the Intelligent Flight Plan

At the outset, the UAV medical delivery system follows an essential mission initialization step that guarantees
readiness, accuracy, and maximum efficiency. At the outset, the system accepts two main input parameters: we
provide the target medical facility’s GPS coordinates in WGS-84 format together with extensive payload data,
specifying both weight and type, along with temperature sensitivity. The modified inputs then serve as input for an
engine designed to enhance both energy efficiency and the reliability of each mission. The hybrid algorithmic core
uses a pathfinding method from A* , combined with the cost-optimized routing approach from Dijkstra. The
integration of these optimization approaches results in the UAV following a 4D trajectory, with a spacing between
waypoints less than five meters throughout the mission. The trajectory analysis factor in live and forecasted wind
from NOAA, maintains adherence to no-fly zones dictated by FAA UTM standards, and comprises a battery model
that dynamically considers load, battery age, and energy needs of the mission.

3.2 In-Flight Adaptability: Dynamic Replanning through MPC

Real-world aerial logistics demand adaptability. A Model Predictive Control (MPC) module operating at 2Hz is
integrated into our system to guarantee ongoing flight replanning. The system updates its planning continually based
on meteorological shifts, new regulations from the FAA, and sudden delivery priority changes. By using MPC, the
system finds updated trajectories that protect safety, preserve schedule, and reduce energy consumption and battery
stress. The system enables the UAV to update its course on the fly without canceling the mission, thereby
guaranteeing dependable performance as conditions change.

3.3 Intelligent Obstacle Avoidance:A Multi-Sensor Reactive Shield

Safe navigation in complex settings is promoted by equipping the UAV with a powerful multi-sensor obstacle
avoidance system. The system is made up of a 12MP stereo camera that records video at a rate of 30 frames per
second, a 360° LiDAR scanner that ranges up to 100m at 20Hz, and a 6-unit ultrasonic array that captures signals
up to 8m away at a rate of 50Hz. Integrating sensor feeds with an Extended Kalman Filter results in a complete
obstacle map displayed at 0.1-meter resolution in real time.

Employing YOLOv7-OBB, modified to efficiently recognize oriented bounding boxes, we are able to achieve a 98.2%
accuracy for buildings, 95.7% accuracy for power lines, 92.4% accuracy for birds, and 89.3% accuracy for moving
vehicles. A Proximal Policy Optimization (PPO)-based agent manages the vehicle’s avoidance policy by selecting from
Ascend, Descend, Bank Left/Right, or Hold Position actions in response to our safety and energy criteria, having been
trained in simulation. In situations where hazards are about to occur, an efficient velocity obstacles (VO) module
quickly enables rapid avoidance actions that take less than a second.

3.4 Secure and Stable Medical Payload Handlin

Our system’s dependability is established by the sophisticated Smart Cargo Bay, designed to securely and
compliantly transport essential medical cargo. Enforcement of access control relies on a biometric door lock driven
by the ArcFace facial recognition system running on edge devices. To manage shocks during flight, active dampers
are used in the payload bay, resulting in vibration levels consistently under 2G as required by ISO 10993-5. A Peltier-
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based cooling module is used to maintain thermal integrity, guaranteeing vaccines and associated products remain
within +£0.3°C of the 2—8°C range while in flight.

Sub-decimeter (<10cm) accuracy during deliveries is attained by relying on AprilTag-based visual landing guidance.
Antennas located on the landing legs respond to surface contact to guarantee deployability is achieved and the
payload is only released when the vehicle is properly deployed. Delivery confirmation is rapidly communicated using
a cryptographically secure SHA-256 hash message, thereby ensuring both the validity and completeness of the
transaction for tracking purposes.

3.5 Autonomous Return and Self-Diagnostics

When the delivery is successful, the UAV enters a phase dedicated to a complete systems health assessment. The
diagnostics module assesses the SOH of the battery and confirms the battery remains at least 80% charged, in
addition to checking motor health by confirming vibrations are consistently under o.5mm/s RMS. The UAV is
programmed to automatically initiate a MARSAM-2022 compliant emergency parachute in case of a serious
malfunction, thus protecting both the vehicle and its cargo during landing.

3.6 Detailed Validation Occured Through Comparison of Computerized Models and On-Site
Experiments

To test the robustness and operational efficiency of our design, a large number of simulations were performed using
Gazebo along with ROS 2. Our simulations included over 200 environments dynamically generated, covering all the
way from densely packed high-rise urban settings to remote open fields, to comprehensively assess obstacle evasion,
weather responses, and emergency situations for rerouting.

Important performance measures such as delivery latency, obstacle avoidance success, and maintenance of cold-
chain integrity were evaluated in the field trials. The results displayed an average delivery time of 12.3 minutes, which
is much better than the 32.1 minutes needed for traditional ground transport. At an average speed of 10 m/s, the
system evaded obstacles 97.8% of the time and kept every payload at the proper temperature during all tests.

By revealing the reliability, adaptability, and intelligence of our UAV system for delivering critical medical products
across challenging terrains, this methodological framework highlights its importance for rapid and reliable
healthcare distribution.

Fig.2. Circuit diagram of the project
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RESULTS

Performance Evaluation

In order to measure AeroMedic Pro's performance, test settings in urban, rural, and forest environments were
developed. The test measurements served to evaluate navigation accuracy, obstacle avoidance performance, delivery
time, and power efficiency.

Performance Metrics Table:

Metric Value
Navigation Accuracy 97.2%
Obstacle Avoidance Success 95.8%
Average Delivery Time 12 Minutes
Power Consumption Per mission 450mAh

Machine Learning Model Evaluation

For obstacle detection, a CNN was trained with an urban and rural obstacle dataset and showed a classification
accuracy of 96.3%. Navigation simulation was used to train the reinforcement learning model, resulting in a path
planning success rate of 94.5%.

Comparative Analysis

The use of ML-backed obstacle avoidance in AeroMedic Pro leads to improved real-time adaptability when compared
to GPS-only navigation systems. Its dynamic path recalculation ensures that delivery is both more rapid and less
hazardous.

Fig.3.Actual Working Model
DISCUSSION

This project presents the successful introduction of a UAV-based medical delivery system, which provides both fast
and safe transportation. The system uses high-level algorithms and intelligent sensors fundamentally to manage
operational obstacles in delivering healthcare in critical situations.

The hybrid combination of A* and Dijkstra’s algorithms made it possible for us to develop energy-optimized routes
that respect changing conditions such as wind and no-fly areas. By integrating Model Predictive Control with the
UAV, we achieved adaptive control of trajectory in response to real-time environmental changes, resulting in
dependable performance regardless of surprises. This flexibility turned out to be essential in simulation of
emergencies, since prompt path reassignment minimized the likelihood of delays.
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The system’s real-time obstacle avoidance system was a major highlight. Detection and classification of hazards in
complex environments was possible for the UAV thanks to the use of stereo cameras, LiDAR, and ultrasonic sensors.
Enhanced object perception came from YOLOv7-OBB, accompanied by the optimization of safe maneuvers using
reinforcement learning, all at minimum energy cost. The combination resulted in consistently high obstacle evasion
success during test flights.

Payload safety was regarded as highly as the efficiency of the system. Vaccines and other temperature-sensitive items
were shielded thanks to the Smart Cargo Bay's ability to regulate temperature and suppress vibration. System
dependability was further increased through the introduction of biometric access control and precise delivery
verification techniques.

Most importantly, the autonomous return and self-diagnostic functions of the UAV, as well as emergency parachute
deployment, provided enhanced operational safety. According to testing, a 60% or more reduction in delivery time
was achieved, with strict adherence to all regulatory and temperature standards.

In brief, the project conclusively demonstrates that such an AT-powered, autonomous UAV system for delivery is both
realistic and very effective. The noted performance in both simulated and real scenarios demonstrates that the system
is prepared for urgent medical deliveries and brings a smart, safe, and scalable choice to current medical supply
chains.

CONCLUSION

The work presented here makes an important advance in the development of autonomous medical logistics. We
combined current advances in artificial intelligence with robust UAV components to develop a delivery system
meeting the demanding needs of urgent healthcare transportation. By integrating hybrid route planning algorithms
with real-time adaptive planning, our system made it possible for the UAV to move efficiently in complicated
airspaces, responding to unexpected difficulties, including alterations in weather and no-fly areas.

With advanced perception and learning methods supporting our multi-sensor obstacle avoidance framework, we
observed outstanding accuracy and reliability. The UAV's ability to detect and avoid many types of hazards depended
on the close integration of sensor fusion with deep learning algorithms. Additionally, a smart and secure delivery
mechanism was employed to protect the quality of critical medical shipments, especially temperature-sensitive
vaccines.

Operational resilience was another highlight. Autonomous return-to-base, embedded diagnostics, and emergency
parachute deployment each play a role in protecting against mission failures. Together with the precise landing
capacities and ongoing real-time acknowledgment mechanisms, the system demonstrated superior accountability
and consistency.

Strenuous testing in both virtual and actual operational environments demonstrated both the system’s reliability and
scalability, while resulting in much faster delivery times and higher rates of mission accomplishment. Developing a
transport system independent of established infrastructure enables faster emergency response and represents a
system that can adapt to multiple healthcare situations.

In brief, the UAV-based medical delivery platform created in this project represents a reliable, intelligent, and secure
option targeted at scenarios that demand speed. It shows how combining AI, automation, and smart engineering can
solve real-world healthcare problems, setting the stage for smarter, faster, and safer transport over time.
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